Phospholipid-modified poly(lactide-co-glycolide) microparticles for tuning the interaction with alveolar macrophages: In vitro and in vivo assessment.
Controlled drug delivery to the lungs is promising with plentiful advantages over current rapid release products. However, alveolar macrophage clearance has severely hindered the application of inhaled controlled release preparations. The objective of our study was to explore the feasibility to decorate poly(lactide-co-glycolide) (PLGA) microparticles with endogenous phospholipids found in the deep lungs, thus, to regulate the interplay with alveolar macrophages. The influence of the phospholipid amount and type on macrophage uptake of PLGA microparticles was investigated systemically under both in vitro (RAW264.7 and NR8383) and in vivo conditions. The uptake rate (k) by macrophages, in vivo elimination rate from the bronchoalveolar lavage fluid (k') and elimination rate from the whole lung (k″) were used as parameters for evaluation. Our data showed that a modification with dipalmitoyl phosphatidylcholine (DPPC) enhanced the macrophage phagocytosis significantly over the unmodified counterparts. Thereafter, using the same modification ratio, remarkable enhancement of macrophage uptake was found in the presence of different types of other phospholipids, especially with distearoyl phosphatidylethanolamine (DSPE). When replaced by a poly(ethylene glycol)-conjugated version of DSPE the uptake of the modified PLGA microparticles was reduced by ~200%. Meanwhile, the drug content in the lung tissue was improved by 3-fold (area under the curve value). Finally, it was possible to establish a correlation between in vitro phagocytosis and in vivo lung elimination rate for the investigated formulations. Overall, our study demonstrated that phospholipids play an important role in modulating the clearance of microparticle-based drug delivery vehicles, which gives a meaningful insight into the development of prolonged drug release system for inhalation.